The objective of this work was to utilize concentrated and lactose hydrolyzed paneer whey (CLHPW) by partial substitution of milk for the preparation of buttermilk and to characterize for sensory and physico-chemical properties of buttermilk samples. Lactose in the concentrated paneer whey was hydrolyzed upto 55% using β-galactosidase and adjusted to 12% total solids was utilized in the preparation of four different formulations of buttermilk (6.6% solids) by its incorporation into milk before fermentation (F1 and F2) or fermented separately and then blended (F3 and F4), with the milk solids to whey solids (MS:WS) content adjusted to 1:1 and 1:2. Results indicated that formulations F1 and F3 (MS:WS, 1:1) had similar sensory characteristics as control buttermilk (F1), however, formulations F2 and F4 (MS:WS, 1:2) were significantly differ in color, consistency and overall acceptability scores from that of control. Results of physicochemical properties showed that formulations F1 and F3 had significantly higher viscosity and consistency values but lower phase separation compared to the formulations F2 and F4. Based on the results of sensory and physicochemical properties, buttermilk (F3) prepared by blending of fermented CLHPW and dahi (MS:WS, 1:1) was highly acceptable and could replace the milk solids with whey solids up to 50%. This study helps to utilize the whey and its valuable nutrients besides reducing the problem of environmental pollution caused due to its disposal.
Introduction
Whey, the largest by-product of the dairy industry, is generated during the manufacture of cheese, paneer, chhana and casein. In India, the major source of whey is from the production of chhana and paneer, resulting in an increased accessibility of whey (Raghavendra et al., 2017) . Whey is a serious pollutant as it imposes a very high biological oxygen demand (BOD > 35,000 ppm) and Chemical Oxygen Demand (COD > 60,000 ppm) (Smithers, 2015) . Lactose, the largest constituent of whey (70-72% of the total solids), is the main component causing these high values for BOD and COD (Patel and Murthy, 2011) . Hence, whey disposal is a serious problem for dairy industry from both an economical and an ecological point of view. This not only causes the loss of valuable nutrients but also incurs cost for the treatment of whey before its disposal. Therefore, utilization of whey has been felt a necessity in view of the current requirements for alleviating environmental pollution as well as recovering available nutrients. Whey is a greenish-yellow translucent liquid, represents 85-95% of the milk volume and retains about 55% of the milk nutrients, which include whey proteins, lactose, vitamins, minerals and some fat (De Jesus et al., 2015) . Presence of several nutritionally important constituents having excellent functional characteristics enhances opportunities for wide-range applications of whey and its constituents in the food industry. Hence, in the last decades, much research has gone into finding viable alternatives for its use rather than just disposing it off.
One of the limitations to utilize liquid whey for the preparation of food products is its low level of solids (5-6%). Hence, whey needs to be concentrated for increasing the solids content to an optimum level. Addition of whey in concentrated form increases the lactose content of the food products. This may cause lactose intolerance or inability to digest lactose due to the absence or limited presence of lactase or β-galactosidase in the small intestine. The unhydrolysed lactose is transported from the small intestine to the large intestine, where it is degraded by bacterial enzymes to organic acids, carbon dioxide and hydrogen, which increase the osmolarity of intestine, leading to symptoms like abdominal https://doi.org/10. 33785/IJDS.2019.v72i04.002 pain, bloating and diarrhea, and flatulence (Fonden et al., 2000) . In India, about 41-50% people are reported to be suffering from lactose intolerance (Bulhoese et al., 2007) .
Lactose hydrolysis offers an opportunity to overcome the problem of lactose intolerance besides making it possible for production of new products with desirable properties. The food industry has been seeking to develop low lactose or lactose-free products. β-Galactosidase was used in hydrolysis of lactose in milk for the production of candies and fermented dairy products. This application leads to an enhancement of the sensorial and technological properties of the end products, such as higher sweetness, higher solubility, and decrease in fermentation period (Husain, 2010; Panesar et al., 2010) .
Looking into the physico-chemical properties of paneer whey, it appears highly promising for its utilization in the manufacture of buttermilk. Buttermilk is the liquid left behind after churning of cream in the process of butter making and contains all the watersoluble components of cream such as protein, lactose, and minerals (Sodini et al., 2006) . This type of buttermilk is known as sweet buttermilk. However, cultured buttermilk is the sour end product obtained after fermentation of skim or low-fat milk inoculated with mesophilic cultures (Chandan and Kilara, 2013) . The chemical composition of cultured buttermilk could be totally different from traditional buttermilk and it depends on the milk used in fermentation, such as whole milk, skim milk, and low-fat milk (Bylund and Pak, 2003) . Traditional as well as cultured buttermilk has remained an excellent source of nutrition as it consists of good amounts of potassium, phosphorus, vitamin B 12 , riboflavin, enzymes, protein, and calcium (Conway et al., 2014) . However, the commercial method of buttermilk preparation includes addition of culture to low-fat milk followed by fermentation, homogenization and dilution with water for the desired solids content. Paneer whey, being a byproduct of milk, has potential to serve as an excellent substitute of water in preparation of cultured buttermilk from dahi, an indigenous fermented product. In the present investigation, attempts were made to utilize concentrated and lactose hydrolysed paneer whey (CLHPW) in the preparation of buttermilk, so that its nutritional properties would increase due to whey proteins and with the reduced level of lactose. Such a preparation helps in reducing the problems of environmental pollution caused by whey disposal besides utilizing it in place of its production, a dairy plant or paneer manufacturing unit.
Materials and Methods

Materials
Fresh cow milk obtained from the Livestock Research Centre of the National Dairy Research Institute, Bengaluru, India was used for the dahi and paneer preparation. β-Galactosidase (Lactozyme pure 6500 L) was procured from Novozymes South Asia pvt. ltd., Bengaluru. Dahi culture (Lactococcus lactis ssp. lactis) obtained from Dairy Microbiology Department, ICAR-National Dairy Research Institute, Bengaluru was used in this study. All the chemicals used for the preparation of different reagents were of Analytical Grade and were procured from Qualigens fine chemicals (Mumbai, India).
Preparation of paneer whey
Cow milk, standardized to 4.5% fat and 8.5% SNF, was used for preparation of paneer. Paneer was prepared by the method given by Aneja et al. (2002) and whey was separated from coagulum by filtration using a clean muslin cloth. The whey was held for another 2 min at 85 o C before drawing it into a container for further processing.
Concentration and standardization of whey
Concentration of paneer whey was done in a single effect batch type evaporator (APV, Kolkatta, India) (Raghavendra et al., 2017) . Ten litres of whey maintained at 55-60 o C, was fed into the evaporator. Whey was condensed at 63-65 o C under vacuum (24" of Hg) for approximately 30-40 min and steam below 10 lb pressure was passed through the calendria to heat the whey and maintain the temperature. The concentration of whey was done about to 16-17% total solids (TS) as estimated by Refractometer (Concord Instruments, Bengaluru, India) and concentrated whey was drawn into a clean container. The solids content of the concentrated paneer whey was standardized to 12% TS by addition of requisite quantity of pasteurized chilled water. Such standardization was needed to have a uniform level of total solids, and that matching with the total solids level of milk, used in this study.
Hydrolysis of lactose in concentrated whey
Lactose in the concentrated paneer whey (TS ~16%) was hydrolysed using β-galactosidase as per the protocol provided by the supplier of the enzyme with a slight modification. The requisite quantity of concentrated paneer whey taken in a beaker was heated at 85 o C for 5 min and cooled to 45 o C. The pH of the whey was adjusted to 5.8-6.0 with 0.1 N NaOH and the enzyme was added at the rate of 1.0%, the contents were mixed well and incubated at 45±1 o C for 60 min. The whey samples were then again heat treated at 85 o C for 5 min to inactivate the enzyme, and cooled to room temperature and the residual lactose in the whey was estimated to calculate the degree of hydrolysis. The concentrated lactose hydrolysed paneer whey (CLHPW) was utilized for the preparation of buttermilk and TS content was further adjusted to 12 and 4% by addition of requisite quantity of pasteurized chilled water.
Degree of lactose hydrolysis
The extent of lactose hydrolysis in concentrated paneer whey was determined by estimating the amount of lactose before and after hydrolysis and the difference between the two was expressed as percentage of lactose hydrolysed (Reddy and Nath, 2011) .
Preparation of dahi
Milk standardized to 3.5% fat and 8.5% SNF was blended with CLHPW (12% TS) at a ratio of 1:0 (control) and 2:1 for dahi making. Samples were heated at 85 o C for 15 min and then cooled to 30 o C followed by addition of dahi culture at 2% (w/v) in each sample. These samples were then transferred to polypropylene cups followed by incubation at 37 o C for 8-10 h. Similar procedure was also followed for the fermentation of CLHPW alone (containing 12 and 4% TS).
Preparation of Buttermilk
Buttermilk is usually prepared by diluting and blending dahi with water. After curd setting, agitation or breaking of curd was carried out for 5 min using vertical laboratory blender (Remi Udyog, Bombay, India) at a speed of 2,000 rpm, followed by addition of pasteurized chilled water. The prepared buttermilk samples were then packed in LDPE pouches (100 µ thickness) and kept in the refrigerator at 5 o C till use.
Four different formulations of buttermilk were prepared by using combinations of dahi (12% TS) or dahi prepared from blend of milk and CLHPW (12% TS), fermented CLHPW (12 or 4% TS), and water to have a final product with 6.6% total solids including 0.6% salt. For the purpose of dilution, fermented lactose hydrolysed whey (4% TS) and water were used. The four different formulations used to prepare buttermilk incorporating CLHPW were shown in Table 1 and Figure 1 .
Proximate analysis
Total solid, fat, protein and ash contents of buttermilk were estimated by the gravimetric method as per the AOAC method (AOAC, 2005) . The lactose content in concentrated paneer whey (~16% TS) was determined by colorimetric method as described by Reddy and Nath (2011) . The glucose and galactose content in CLHPW were estimated by colorimetric method based on the blue color produced by heating glucose and galactose in the presence of ammonium molybdate and potassium dihydrogen phosphate as per the method given by Reddy and Nath (2011) .
Phase separation
Phase separation of the buttermilk samples was determined by taking 10 ml samples in glass graduated centrifuge tubes and centrifuging (Remi, Mumbai, India) them at 3000 rpm for 10 min at Flow chart for preparation of buttermilk (a) using dahi prepared from blend of milk and CLHPW (b) using blend of dahi and fermented CLHPW room temperature. Water or aqueous phase in buttermilk was separated from the serum phase. This separated aqueous phase collected at the top of the graduated centrifuge tube was observed for its volume and expressed in percentage.
Titratable acidity and pH
To determine the titratable acidity, about 10 ml of the buttermilk sample was diluted with 10 ml of hot distilled water and 3-4 drops of phenolphthalein indicator was added to this solution. The mixture was then titrated against 0.1 N NaOH to an end point of just appearance and persistence of faint pink color. The acidity was expressed as per cent lactic acid (IS, 1981) . pH of buttermilk samples was measured using digital pH meter (Cyberscan 2500, Eutech Instruments, Mumbai, India). pH meter was calibrated with pH 4.0 and pH 7.0 buffer solution. Then about 50-60 ml samples were taken in 100 ml glass beaker. The pH of the samples was determined using the calibrated pH meter at room temperature.
Viscosity
Apparent viscosity (expressed in cPs) of buttermilk samples was determined using a rotational viscometer (RVDV-II Pro, Brookfield Engineering laboratory, Stoughton, MA). The measurement range of torque in the viscometer was maintained between 10 and 100% by careful selection of the specific spindle in accordance with the nature of the buttermilk samples. The viscosity measurements were carried out at 30°C using ULA spindle at speed of 5 rpm. Apparent viscosity reading was recorded after one minute rotation of the spindle.
Texture analysis
Texture analyzer (Stable Micro Systems, Godalming, Surrey, UK) was used for measuring consistency and index of viscosity of buttermilk samples by using A/BE-d45 probe. The probe height was calibrated to a distance of 50 mm, above the top of the container or the sample surface. The test conditions maintained were as under: Pre-test speed: 1.0 mm/s, test speed: 1 mm/s, posttest speed: 10 mm/s, distance: 30 mm, trigger force: 5 g. The temperature of the buttermilk sample was maintained at 5±1 o C. About 150 ml of buttermilk sample was kept in 200 ml of beaker and positioned centrally over the platform. The probe travelled to a distance of 30 mm into buttermilk samples, wherein the sample was compressed and after the force sensed by the probe, returned to their original position and generated a force-time curve. The area of positive curve was taken as consistency (i.e. work done during the travel of the probe) in terms of g.sec, while area under negative curve was taken as index of viscosity (i.e. the pulling force exerted by the samples during withdrawal of the probe) in terms of g.sec. The test was repeated 3 times and the mean values were expressed as consistency and index of viscosity of buttermilk samples.
Sensory evaluation
A selected sensory panel assessed the coded buttermilk samples at random, according to the methodology described by Indian standards (IS, 1971) . Sensory evaluation of samples was carried out with a 25-member panel (19 males, 6 females, ages 22 to 55 years) who were scientists, students and technical staff of National Dairy Research Institute, Bengaluru. The panelists had a good knowledge on the sensory evaluation of dairy products and participated previously in such evaluations as well as regular consumers of buttermilk. Samples were first prepared and then kept in a refrigerator at 5°C until 30 min before serving when samples were placed at room temperature to temper. Each buttermilk sample was presented in a polypropylene cup filled with 50 mL buttermilk sample and labeled with a 3-digit code. Sensory evaluation of the samples was carried out in the sensory evaluation room under appropriate fluorescent lighting. Spoons were given to the panelists for stirring the samples before evaluation. Each panelist was asked to taste the samples and rate the sensory parameters on a 9-point hedonic scale and the acceptance test was carried out for the attributes of color and appearance, consistency, flavor, saltiness and overall acceptability. Panelists were instructed to rinse their mouths with water before evaluating each sample and to expectorate all the water and buttermilk afterwards.
Statistical analysis
Mean values and standard deviations (SD) of triplicate determinations were reported. All statistical analyses were performed using SYSTAT 6.0.1 software (SPSS Inc., Chicago, IL, USA), with statistical significance set at P <0.05. Analysis of Formulation Constituents of buttermilk (6.6% TS)
Ratio of milk solids: whey solids (MS:WS) F0
Dahi (12% TS), salt (0.6%) and water 1:0 F1
Dahi made from blend of milk with CLHPW (12% TS), fermented 1:1 CLHPW (4% TS), salt (0.6%) and water F2
Dahi made from blend of milk with CLHPW (12% TS), fermented 1:2 CLHPW (4% TS), salt (0.6%) and water F3
Dahi (12% TS), fermented CLHPW (12% TS), salt (0.6%) and water 1:1 F4
Dahi (12% TS), fermented CLHPW (12% TS), salt (0.6%) and water 1:2 
Results and Discussion
Compositional characteristics of paneer whey
Compositional characteristics of whey and concentrated paneer whey are shown in Table 2 . It may be seen from the data that paneer whey contained 6.41% TS which is about 50% of the total milk solids and 4.8% lactose, which accounts to almost the entire lactose normally present in cow milk. As expected, the level of all the constituents increased after concentrating and standardizing the whey. Acidity increased, while pH decreased with concentration due to the increase in acidic constituents present in it. Similar observations on the composition of concentrated whey were made by Raghavendra et al. (2017) .
Degree of lactose hydrolysis
The degree of hydrolysis was calculated based on the lactose content in concentrated paneer whey, before and after hydrolysis. It may be seen from the Table 3 that the degree of hydrolysis of concentrated paneer whey ranged from 54 to 58% under the conditions adopted for lactose hydrolysis.
Sensory analysis
Sensory scores of buttermilk samples prepared using CLHPW, either fermented along with milk (F1 and F2) or fermented separately and then blended (F3 and F4) , with the milk solids to whey solids (MS:WS) in the ratio of 1:1 and 1:2, were shown in Table 4 . Sensory scores of buttermilk samples prepared by both the methods and having MS:WS in the ratio of 1:1 were comparable to that of control product. However, the formulations (F2 and F4) having MS:WS ratio of 1:2 were shown significantly lower scores for color and appearance and consistency when compared to control sample. It may be seen from the results that with increase in the proportion of whey solids, the sensory scores for color and consistency decreased correspondingly. Color of paneer whey is generally greenish-yellow due to the presence of riboflavin, might be responsible for decreased color scores in F2 and F4 formulations. Jinjarak et al. (2006) reported that whey buttermilk showed marked color difference from that of regular sweet cream buttermilk. Table 3 Degree of lactose hydrolysis in concentrated paneer whey (16% TS) Attributes F0 F1 F2 F3 F4 Color and appearance that of control sample; however, significant difference was not observed. It was also evident that buttermilk formulation F3 had higher flavor and overall acceptability scores compared to all other formulations. This increase in flavor might be due to the fermentation of whey. Prado et al. (2008) reported that fermentation of paneer whey using lactic starters gave a pleasant taste and flavor to the product. Scores for saltiness of all the CLHPW incorporated buttermilk samples did not differ significantly from that of control. From the sensory results it can be concluded that buttermilk formulation F3 prepared by blending of fermented CLHPW and dahi with MS:WS in the ratio of 1:1 was more acceptable among the other buttermilk samples. Similar result was also reported by Parekh et al. (2016) that cultured buttermilk prepared by blending dahi and fermented paneer whey (60:40) was found to have most acceptable sensory characteristics with good diacetyl flavour, which is most desired in cultured buttermilk.
Proximate composition
Results of the proximate composition of buttermilk samples are shown in Table 5 . Fat and protein contents of buttermilk samples prepared using CLHPW were lower than that of the control sample. The fat and protein contents in control sample were observed to be 1.74 and 1.48%, respectively while experimental buttermilk samples showed a significantly lower fat and protein content ranging from 0.86 to 1.22% and 0.69 to 0.93%, respectively. The lower fat and protein content in experimental buttermilk samples could be due to lower levels of fat and protein in whey. The total carbohydrate content (lactose, glucose and galactose) of experimental buttermilk samples increased whereas lactose content decreased significantly when compared with control sample. The per cent reduction in lactose depends on ratio of milk solids to whey solids. There was a slight increase in the ash content of experimental buttermilk samples due to addition of salts in the whey but the difference was not significant when compared to the control. Similarly, the total solid content of experimental buttermilk samples did not differ significantly from that of control sample. The compositional difference of buttermilk samples depended on the composition of milk and concentrated whey and the proportion of milk and whey solids used in the trials.
Physicochemical properties
Results of the physicochemical properties of the buttermilk samples are shown in Table 6 . pH and titratable acidity of the buttermilk samples prepared using CLHPW were comparable to those of the control sample and significant differences were not observed in pH and acidity between control and experimental samples. However, titratable acidity of the buttermilk sample prepared using CLHPH (F3) was found to be significantly higher than control sample. Viscosity is desirable up to certain limits in cultured buttermilk as it is directly linked with mouth feel characteristic of buttermilk (Mudgil et al., 2016) . The viscosity values of experimental buttermilk samples were significantly lower than that of control sample. Buttermilk samples prepared using CLHPW, with the milk solids to whey solids (MS:WS) in the ratio of 1:1 (F1 and F3) were found to contain significantly higher (P<0.05) viscosity values when compared to buttermilk samples (2016) that with increased addition fermented paneer whey in buttermilk samples, the viscosity values decreased correspondingly. Results on consistency and index of viscosity also showed similar trend as viscosity values. Control buttermilk showed higher consistency and index of viscosity and differed significantly from all other samples especially from the formulation F2 and F4. With the increase in whey solids content and simultaneous decrease in the fat and casein content could adversely affect the viscosity and consistency values of experimental buttermilk samples. Casein and fat play an important role for viscosity and mouthfeel of a fermented product (Nilsson et al., 2006) . The phase separation is considered as the separation of aqueous portion from the network, which then becomes visible as transparent surface liquid collected in the top of buttermilk containing bottle or container. The phase separation of experimental buttermilk samples increased with increased addition of CLHPW. The per cent phase separation was found to be higher in F2 and F4 formulations when compared to F1 and F3. However, the phase separation in experimental buttermilk samples was significantly higher than the control. This increase in whey separation could be due to increase in whey solids and decrease in casein content in experimental samples.
Conclusions
In this study, attempts were made to utilize CLHPW for the preparation of buttermilk. Among the experimental buttermilk samples studied, the buttermilk F3 prepared by blending of fermented CLHPW and dahi (MS:WS, 1:1) was found to have better sensory characteristics and higher acidity, viscosity, consistency values and lower whey separation, which are the desirable characteristics of the cultured buttermilk product. Such formulation could replace the milk solids with whey solids up to 50%. It is concluded that incorporation of lactose hydrolysed whey in cultured buttermilk would produce an acceptable product with improved nutrient profile by incorporating whey proteins with reduced level of lactose.
